C igarette smoke exposure (CSE) is known to increase the risk of arterial thrombosis; almost 40% of smokingrelated deaths are associated with cardiovascular disease. 1 Most research has focused on the direct cellular effects of CSE, demonstrating that increased risk of thrombosis is linked to oxidative damage to cardiomyocyte mitochondria, 2 increased smooth muscle cell proliferation, 3 and increased platelet aggregation. 4 Studies examining the effects of CSE on hemostasis have documented decreased expression of tissue factor pathway inhibitor on endothelial cells exposed to serum from chronic smokers 5 and increased plasma fibrinogen levels in smokers compared to nonsmokers. 6 Few studies have examined the effects of acute CSE on clotting, but increased levels of circulating tissue factor activity 7 have been demonstrated after short-term exposure to cigarette smoke. Thus, CSE appears to increase prothrombotic biomarkers and may directly promote thrombosis.
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In this issue of Arteriosclerosis, Thrombosis, and Vascular Biology, Barua et al 8 strengthen the argument for a direct functional effect of CSE in thrombosis by demonstrating abnormal fibrin clot dynamics and structure in plasma from individuals exposed to acute CSE. Whereas baseline fibrin clot dynamics and structure in platelet-rich and platelet-poor plasma in nonsmokers and smokers is similar, acute CSE exposure shortens the onset and increases the rate of fibrin formation and development of fibrin clot strength as measured by thrombelastography. The authors suggest the increase in clot strength is attributable to changes in platelet function as well as changes in fibrin structure. Acute CSE effects are observed in platelet-rich plasma in the presence and absence of the platelet antagonist, Abciximab. Visual evidence using scanning electron microscopy shows decreased fibrin diameter and increased fibrin fiber density in clots formed from platelet-poor plasma isolated after acute CSE. Whereas the authors did not explicitly examine fibrinolysis in this study, previous studies have demonstrated dense fibrin networks composed of thin fibers are associated with abnormally high resistance to fibrinolysis. 9 These find-ings suggest alteration in fibrin clot structure attributable to acute CSE plays a central role in the etiology of smokingassociated thrombosis.
Although these data suggest a novel, independent means by which acute CSE contributes to the pathology of thrombosis, the findings are currently limited because they lack a specific, biochemical mechanism explaining the effects of acute CSE on clotting. Because high thrombin concentrations were added to platelet-poor plasma to induce fibrin formation in the microscopy studies, the fibrin structural abnormalities seen in this assay likely reflect fibrin(ogen) abnormalities and not contributions of endogenous thrombin generation. Thus, these data support the idea of a direct functional modification to fibrinogen. The authors suggest oxidative stress from CSE directly modifies fibrinogen and, therefore, fibrin formation and structure. Cigarette smoke contains free radicals (reactive oxygen species) and may downregulate endogenous antioxidants. Moreover, fibrinogen is susceptible to oxidation in vitro, 10 and oxidative stress has been implicated in abnormal fibrin structure and stability in acute coronary syndrome. 11 However, further studies are necessary to determine whether acute CSE modifies fibrinogen through oxidation or another mechanism in vivo, and whether this modification affects fibrin formation and structure. Although these data suggest direct functional effects on fibrinogen, the data do not rule out additional effects of acute CSE on plasma proteins or endogenous procoagulant activity. Because Abciximab not only inhibits platelet integrin/fibrin interactions but also reduces platelet procoagulant activity, the relative contributions of fibrinogen abnormality and effects of altered thrombin generation are difficult to ascertain from these experiments. Moreover, the authors initiate fibrin formation in the thrombelastography experiments through contact activation rather than tissue factor. Given previous reports of increased tissue factor expression in atherosclerotic plaques and its role in arterial thrombosis, 12 additional studies are necessary to determine whether and how acute CSE affects tissue factorinduced fibrin formation.
Although abnormal fibrin structure and stability were first reported for dysfibrinogenemia-associated coagulopathies, abnormal fibrin quality (formation, structure, or stability) can be detected in plasmas from patients with a variety of disorders (Figure) . The present study complements an increasing number of reports correlating abnormal fibrin quality with hemostatic and thrombotic pathologies, including hemophilia, 13, 14 idiopathic venous thromboembolism, 15 chronic thromboembolic pulmonary hypertension, 16 cryptogenic ischemic stroke, 17 myocardial infarction, 18, 19 and diabetes. 20 Findings that acute CSE modulates fibrinogen/ fibrin quality suggest a similar situation occurs in thrombosis associated with environmental toxins, as well. For example, studies showing the incidence of acute thrombotic events peaks on days after increased air pollution 21, 22 provide an intriguing parallel to the effects of acute CSE observed by Barua et al. Overall, these studies suggest abnormal fibrin quality is a pathological mechanism common to a number of coagulopathic disorders. Further studies are warranted to fully elucidate the contributions of altered fibrin quality to hemostatic and thrombotic diatheses, and to identify novel therapeutic targets to reverse or prevent abnormal fibrin formation.
Figure.
Abnormal fibrin quality has been detected in plasmas from patients with hemostatic and thrombotic disorders, and it may be a biomarker or mechanism for coagulopathy.
